In recent years, oxidative stress has been postulated to be an important factor in the pathogenesis and development of lifestyle-related diseases. In this study, we investigated the association between the derivatives of reactive oxygen metabolites (d-ROMs), as an index of products of reactive oxygen species (ROS), and biological antioxidant potential (BAP), as an index of antioxidant potential. We also investigated the associations between d-ROMs or BAP and the risk factors for lifestyle-related diseases or metabolic syndrome-associated factors to evaluate their usefulness in preventive medicine. There were 442 subjects who underwent health checkup examination in our facilities. In addition to standard medical checkup items, we analyzed d-ROMs, BAP, brachial-ankle pulse wave velocity, high-sensitivity C-reactive protein level and visceral fat area (VFA) visualized on a computed tomography scan. The mean d-ROM value in females was significantly higher than that in males. There was a positive correlation between the d-ROM and VFA levels. On correlation analysis, there was a negative correlation between the d-ROM and creatinine levels. As factors that influence d-ROMs, the level of VFA was selected, suggesting the significance of oxidative stress measurement with d-ROMs. In addition, there was a positive correlation between d-ROMs and BAP values. Further research is required to resolve whether increased production of ROS or the antioxidant potential that can compensate for such an increase of ROS is more important in vivo. 
INTRODUCTION
Oxidative stress may be involved in various disorders and pathogeneses, especially in lifestyle-related diseases, and it causes the progression and acceleration of atherosclerosis. [1] [2] [3] Biomarkers of oxidative stress, such as serum malondialdehyde level measured as thiobarbituric acid-reactive substances, oxidized low-density lipoprotein, oxidation injury of DNA, 8-hydroxydeoxyguanosine and urinary excretion of 8-iso-prostaglandin-F2a, are generally measured in laboratories. [4] [5] [6] [7] On the other hand, as indices of antioxidant potential, intracellular levels of superoxide dismutase and glutathione peroxidase have mainly been measured. [8] [9] However, these assay methods are complex and are not suitable for analysis of a large number of subjects. Recently, simpler methods for detecting reactive oxygen species (ROS) using derivatives of reactive oxygen metabolites (d-ROMs) and biological antioxidant potential (BAP) were developed, and reports on studies using these methods have been increasing. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Thus, in the present study, we measured d-ROMS and BAP as indices for the production of ROS and antioxidant potential, respectively.
As oxidative stress has been explained to show the balance of production of ROS and the capacity of antioxidant, it is more appropriate that not only the production of ROS but also antioxidant capacity be evaluated at the same time. Both d-ROM and BAP levels can be measured simultaneously in large numbers of samples using an all-purpose automatic analyzer. 10 Therefore, we measured d-ROM and BAP levels in the same subjects to evaluate their association.
METHODS

Study subjects
The subjects were 442 individuals who underwent a health checkup examination in our facilities (358 males and 84 females). Informed consent was given by all subjects before the study.
Laboratory measurements
Data on lifestyle-related factors were recorded, and measurements on serum high-sensitivity C-reactive protein (hsCRP) and creatinine were performed using an automatic analyzer (Hitachi, Ibaraki, Japan).
Assay of oxidative stress and antioxidant potential
We used a simple method to detect hydroperoxide levels by measuring d-ROMs. Hydroperoxides are converted into radicals that oxidize N,N-diethyl-para-phenylenediamine and can be detected spectrophotometrically using an all-purpose automatic analyzer. This can be measured simultaneously with other inspection items. The results of the d-ROM level are expressed in an arbitrary unit called Carratelli unit (U.CARR). [10] [11] [12] The BAP level was measured as antioxidant potential and also measured using an all-purpose automatic analyzer. This test examines the blood concentration of antioxidants as agents that can reduce iron from ferric (Fe 3+ ) to ferrous form (Fe 2+ ). We estimated the intensity of this chromatic change photometrically. The results are expressed as mmol l À1 . 10 We performed precision tests in our laboratory to evaluate the reproducibility and accuracy of the method for measuring d-ROMs and BAP. Upon consecutively measuring samples 10 times, the coefficient of variation ranged from 0.2 to 2.1% for d-ROMs and from 0.1 to 1.1% for BAP. When performing measurement for 8 days, the inter-measurement coefficient of variation values were 1.0-1.1% and 3.0-3.2%, respectively.
Results from these two tests showed a normal distribution of values.
Brachial-ankle pulse wave velocity measurements
The brachial-ankle pulse wave velocity of each subject was measured using a non-invasive automatic oscillometric device (PWV/ABI, BP-203RPE; Omron Colin, Tokyo, Japan) in a supine position after 5 min of bed rest as described previously. 21 
Measuring fat distribution
Abdominal fat distribution was determined using computed tomography while the subjects were in a supine position. The subcutaneous fat area and intraabdominal visceral fat area (VFA) were measured at the level of the umbilicus and determined by a standardized method with computed tomography numbers.
Statistical analysis
Continuous data are expressed as the means ± s.d. Comparison of continuous variables among the three groups was performed by one-way analysis of variance, with post hoc comparison with Scheffe's method. The linearity of the correlation between two variables was assessed by linear regression. Multivariate analysis was performed using stepwise linear regression.
A P-valueo 0.05 was considered significant. Analyses were conducted using Stat View 5.0 (SAS Institute, Cary, NC, USA).
RESULTS
The mean age of subjects was 47 ± 11 years and 19% of them were female. The mean d-ROM value in females (n¼84) was significantly higher than that in males (n¼358; 365 ± 74 and 321 ± 61 U.CARR, respectively; Figure 1 ). There was no significant difference according to age. In multivariate analysis, gender, hsCRP level and VFA were selected as factors that influence d-ROMs (Table 1) . However, when excluding data on VFA from the multivariate analysis, the creatinine level was selected as a negative factor; d-ROM-influencing factors slightly changed depending on the factors employed for multivariate analysis. Baseline characteristics of factors employed for multivariate analysis and relationships with d-ROMs are shown in Table 2 . 
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The value of hsCRP was classified into three grades: o0.10 (group A), 0.10 to o0.30 (group B) and 0.30 to o0.10 (group C). The mean values of d-ROMs were 321±63 U.CARR (n¼347) in group A, 349 ± 54 U.CARR (n¼65) in group B and 402 ± 61 U.CARR (n¼23) in group C (Po0.0001 by one-way analysis of variance) and varied among the groups (Figure 2 ).
There was a positive correlation between d-ROM level and VFA (n¼308, r¼0.156, Po0.01). However, the former was not correlated with subcutaneous fat area (n¼308, r¼0.105, P¼0.066; Figure 3) .
On correlation analysis, there was a negative correlation between d-ROM and serum creatinine levels (n¼384, r¼À0.285, Po0.0001; Figure 4a ). The values of serum creatinine in males (n¼316) were classified into three grades: o0.80 (group A), 0.80 to o1.00 (group B) and 41.00 (group C). The mean values of d-ROMs were 335±61 U.CARR (n¼96) in group A, 321±58 U.CARR (n¼181) in group B and 308±62 U.CARR (n¼42) in group C (Po0.05 by one-way analysis of variance) and there was a significant difference between groups A and C (Po0.05; Figure 4b ).
The mean BAP value was 2829±247 mM (n¼229). There was no gender or age difference in BAP. As factors that influence BAP, the levels of serum albumin and uric acid were selected for multivariate analysis (Table 3 ). Baseline characteristics of factors employed for multivariate analysis and relationships with BAP are shown in Table 4 .
There was a positive correlation between d-ROM and BAP values (n¼229, r¼0.184, Po0.01; Figure 5 ). There was no positive correlation between d-ROMs or BAP and brachial-ankle pulse wave velocity (data not shown). 
DISCUSSION
Oxidative stress may be involved in various disorders and pathogeneses. Many studies have shown its involvement in the pathogeneses of all lifestyle-related diseases. Previous human studies have employed markers of ROS, such as 8-hydroxydeoxyguanosine and 8-iso-prostaglandin-F2a. However, it is difficult to measure them at health checkup facilities. Furthermore, as an index of the antioxidant potential, the level of superoxide dismutase was also difficult to measure, even at research facilities.
In this study, we used a simpler method and investigated the association of d-ROMs, as an index of ROS production, and BAP, as an index of antioxidant potential, at the same time. Recent studies have shown the usefulness of the evaluation of oxidative stress using d-ROMs. [13] [14] [15] [16] However, this is the first study to measure them simultaneously in a large number of subjects to evaluate oxidative stress from the viewpoint of lifestyle-related disease.
Trotti et al. 12 reported that no statistically significant difference was found between genders in European subjects. However, the mean d-ROM value in females was significantly higher than that in males in Japanese subjects. In multivariate analysis, gender, hsCRP level and VFA were selected as factors that influence d-ROMs. Recent studies have also shown the positive correlation between the levels of hsCRP and d-ROMs. [14] [15] [16] Chronic inflammatory processes have been recognized to have a role in the pathogenesis of atherosclerosis. [22] [23] [24] Therefore, an increase of visceral fat tissue that promotes inflammation, as represented by hsCRP, may have a role in the pathogenesis of atherosclerosis; our result suggests the significance of measuring d-ROMs. Recently, Fujita et al. 25 reported that oxidative stress is associated with visceral fat accumulation.
On the other hand, d-ROM level significantly decreased with an increase in the level of creatinine. However, as this may contribute to the gender difference in d-ROM level, this must be considered when interpreting values in elderly subjects and those with renal hypofunction.
As factors that influence BAP, the levels of serum albumin and uric acid were selected. Both are recognized as the primary defense against oxidative stress in extracellular fluids. 26 This suggests that the result of BAP measurement reflects the antioxidant capacity.
Oxidative stress may be associated with not only lifestyle-related diseases but also various other diseases. Therefore, our results suggest the significance of oxidative stress measurement in a large number of subjects, although data with a relatively weak correlation are included in part of our research results.
Humans have the longest lifespan among mammalian species, and it has been shown that lifespan is correlated with the level of superoxide dismutase activity. 27 The mean BAP in Japanese subjects was markedly higher than that previously reported in European/American subjects. 28 This may be one cause of the longevity of the Japanese. However, further epidemiological studies should be carried out to support this hypothesis.
Oxidative stress is postulated to be a major causal factor of aging. However, it is still not clear which factor is more critical for an increase in reactive oxygen and/or decrease in antioxidant defense. The lifespan of females is usually longer than that of males. However, the level of d-ROMs in females was higher than that in males in our study. Furthermore, there was a positive correlation between the levels of d-ROMs and BAP. These results indicate that further research will be required to resolve which is more important in vivo, the increased production of ROS or the antioxidant potential that can compensate for such an increase of ROS. Recently, many results of evaluations of oxidative stress using d-ROMs and BAP have been reported. However, there are only a few papers that show the relationship between these parameters and other conventional indices of oxidative stress directly. [17] [18] Lubrano et al. 17 showed a good correlation between d-ROMs and 8-iso-prostaglandinF2a. However, their accuracy must be analyzed more in the future.
In conclusion, this is the first study reporting that not only hsCRP but also VFA is positively correlated with the level of d-ROMs. Furthermore, this is the first study to measure d-ROMs and BAP in the same subjects to evaluate oxidative stress from the viewpoint of lifestyle-related disease.
